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the  reduc t ion  in surface charge  dens i ty  on the  cell af ter  
sialidase t r e a t m e n t  enhances  phagocytosis .  The  role of the  
spleen in seques t ra t ion  of e ry th rocy tes  has been assessed 
by GARDNER et  al. ~ and by  OWEN et  al.4L 

I t  has also been shown as,a9 t h a t  macrocy t ic  erythro-  
cytes  disappear  f rom the  c i rcula t ion at  a faster  ra te  t h a n  
normocyt ie  e ry th rocy tes  and this  high suscept ibi l i ty  to 
des t ruc t ion  migh t  be due to a physical  defect  and 
metabol ic  anoma ly  as well as to a low surface charge. 

In  conclusion i t  can be envisaged t h a t  e ry th rocy tes  a t  
d i f ferent  degrees of m a t u r i t y  have  a di f ferent  surface 
charge which is regula ted  by  the  cell in te rna l  me tabo l i sm 
and possibly by  t i le  act ion of p lasma or t issue sialidase. A 
tow surface charge  and  increased t endency  to  adhere  to  
re t ieuloendothel ia l  cells m a y  be the  condi t ion  t h a t  deter-  
mines  t he  r emova l  of a large pa r t  of macrocy tes  ~ and old 
e ry th rocy tes  f rom the  c i rcula t ion ~0 

Riassunlo. Le propr ie th  della m e m b r a n a  de l l ' e r i t roc i ta  
va r iano  in rappor to  al l 'e t~ della cellula e p robab i lmen te  
a l l ' az ione del la  sialidasi. U n a  d iminuzione  della carica 
e le t t r ica  de l l ' e r i t roc i ta  appare  essere la condizione deter-  
m inan t e  I 'er i t rofagocitosi .  
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S T U D I O R U M  P R O G R E S S U S  

T h e  E f f e c t  o f  I n s u l i n  o n  t h e  G l y c o g e n  M e t a b o l i s m  of  I s o l a t e d  F a t  Cel ls  

LEONARDS and  LANDAU I showed t h a t  insulin plus  low 
concent ra t ions  of glucose s t imula ted  the  incorpora t ion  of 
glucose C-1 and C-6 into  glycogen and fa t t  F acids, and the  
ox ida t ion  of glucose C-1 to ca rbon  dioxide  by  ep id idymal  
adipose tissue in vi t ro.  H igh  concent ra t ions  of glucose 
favoured  the  ox ida t ion  of glucose C-6 to carbon  dioxide 
and the  incorpora t ion  of glucose carbon  into the  glycerol  
mo ie ty  of tr iglycerides.  

In  the  presence of insulin and (U~*C)glucose the  ra t  
ep id idymal  adipose tissue and the  mouse hemid iaph ragm 
in v i t ro  synthesize  more glycogen than  can be accounted  
for by  incorpora t ion  of exogenous glucose into glycogen ~. 
In  the  absence of glucose, insulin can s t imula te  the  syn- 
thesis  of glycogen by  the  mouse  hemid i aph ragm in v i t ro  *. 

These da t a  suppor t  the  hypothes is  t h a t  insulin has a 
d i rec t  effect on the  me tabo l i sm of glycogen in cer ta in  
tissues in vi t ro.  This  paper  reports  the  effects of di f ferent  
concent ra t ions  of insulin on the  convers ion of (11*C)gIu - 
cose to (l*C)glycogen, (14C)triglycerides and (I*C)O~ by  
isolated fat  cells. 

ll~aterials and methods. Male Wis ta r  rats  110-130 g 
(Novo Terapeu t i sk  Labo ra to r i um A/S,  Copenhagen) were 
al lowed food and wate r  ad l ib i tum unt i l  used. H u m a n  
serum a lbumin  (Swiss Red Cross t31utspendedienst, Bern,  
Switzerland) was purif ied by  dialysis 3. Ten t imes  crystal-  
lized bovine  insulin (24.4 U/rag,  lot  No. 0818864) was ob- 
t a ined  f rom the  N o v o  Research  Ins t i tu te .  Unless  other-  
wise s ta ted,  t he  chemicals  used t h roughou t  this  work  
were of ana ly t ica l  grade  (Merck AG}. (114G)glucose (2.96 
mC/mmole)  was purchased  f rom The  Rad iochemica l  
Centre,  Amersham,  England .  Collagenase was bough t  
f rom the  S igma Company,  USA.  

Free  fa t  cells were  prepared  by  d is rupt ion  of r a t  epi- 
d idymat  adipose t issue wi th  col lagenase (RODBELL 4, 
GLIEMANNS). The  suspension was d i lu ted  to  abou t  
10 ~ eel ls /ml in b icarbona te  buffer  (KREBS and  HENSE- 
LEITh), p H  7.4, which con ta ined  10 m g  of a l bumin /ml  and 
0.55 m M  glucose. The  concen t ra t ion  of cells in the  sus- 
pension was measured  5. I n  some exper iments ,  t he  tri-  
glycerides were  ex t r ac t ed  f rom al iquots  of the  cell sus- 
pension,  dr ied and weighed 6. S tandard  concen t ra t ions  of 
insulin were prepared  according  to  G'LIEMANN 5 

Twe lve  flasks were  p repared  wi th  insulin-free buffer,  
and 6 wi th  each of the  insulin s tandards .  (ll*C)glucose was 
added  to the  cell  suspension to  a f inal  specific a c t i v i t y  of 
70-80 nC/mmole  of glucose. 1 ml  of the  cell  suspension 
was then  p ipe t ted  into  each incubat ion  flask. The  flasks 
were gassed wi th  95% 02/5 % CO 2 and s toppered.  I m m e -  
d ia te ly  af ter  the  addi t ion  of the  cell suspension, the  con- 
ten ts  of 6 of the  insulin-free flasks were analysed.  The  14C 
recovered  in each metabo l i t e  f rom these flasks - the  cell 
b lanks  (CB) - served as the  background  for the  de te rmina-  
t ion of 14C. The remain ing  flasks were incuba ted  for 2 h 
a t  37 °C, wi th  shaking (50 strokes/min).  Three  flasks f rom 
each group were used for the  isolat ion of (1'C)O2 and the  
(t4C)triglycerides. The  remain ing  3 flasks were  used for 
the  p repara t ion  of the  (14C)glycogen. The  concen t ra t ion  of 
glucose in the  m e d i u m  was de te rmined  by  the  glucose 
oxidase me thod  7, and the  I4C by  l iquid scint i l la t ion count -  
ing 5. The  (14C)O2 and (14C)triglycerides were recovered  
and de te rmined  according to  GLIEMANN 5. 

Af te r  the  incubat ion,  the  cell suspension was f i l tered 
th rough  Oxoid  filters (22-24 m m  diameter ,  pore  size 
0.45 /*). The  flasks were  washed  once wi th  b ica rbona te  
buffer"  conta in ing  10 m g  a lbumin /ml  and once wi th  
a lbumin-f ree  b icarbona te  buffer, and the  washings  were 
t ransferred to  t he  filters. The  filters were t h e n  washed 
wi th  2 ml  of t r iglycer ide ex t rac t ion  m e d i u m  s. E a c h  f i l ter  
was t ransferred to 3 ml of K O H  (30 g/100 ml  conta in ing  
100 #g of glycogen/ml)  in a po lypropy lene  centr i fuge tube.  
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The  glycogen was e x t r a c t e d  f rom the  cells by  hea t ing  the  
tubes  a t  100 °C for 30 min.  The  glycogen was  p rec ip i t a t ed  
by  the  add i t i on  of 25 /,1 of NazSO 4 (sat.) and  6 ml of 
abso lu te  a lcohol / tube  9. The tubes  were  kep t  a t  -- 20 °C 
for 30 min,  and  t h e n  cen t r i fuged  for 35 rain a t  4000 g a t  
4 °C. The s u p e r n a t a n t s  were  removed ,  t he  g lycogen sus- 
p e n d e d  in 2 ml  of 66~/o alcohol, a n d  the  samples  re- 
cent r i fuged.  The  glycogen was dissolved in 2 ml  of wa te r  
and  t r ans fe r red  to  a sc int i l la t ion vial  wi th  20 ml of 
sc in t i l la tor  ~0. 

The  r ad ioac t iv i ty  in 20 glycogen f rac t ions  was followed 
t h r o u g h  3 successive prec ip i ta t ions .  Samples  of cell glyco- 
gen were also conve r t ed  to  glucose by  acidic and  en- 
zyma t i c  hyd ro ly s i s l~  The free glucose was conve r t ed  to  
t he  osazones  x~. The  osazones  were  b u r n t  to  CO2 x3, and  
the  r e s u l t @ t  (14C)O~ measured .  

All ~4C d e t e r m i n a t i ons  were carr ied ou t  in P a c k a r d  
Tr i -carb  l iquid sc int i l la t ion counters .  All samples  were  
coun ted  unt i l  a t  least  2000 coun t s  had  been regis tered.  
The  d i f ferent  coun t ing  sy s t ems  were  coo rd ina t ed  by  
coun t ing  small  a m o u n t s  of (11aC)toluene in each sys tem.  
Quench  was  e s t ima ted  by  using in te rna l  s t a n d a r d s  of 
( lx4C)naphthalene.  The  (14C)glycogen d e t e r m i n a t i o n s  were  
cor rec ted  for the  observed  quench ing  (less t h a n  2%).  

The specit ic ac t iv i ty  of the  glucose in t he  m e d i u m  was  
ca lcula ted  f rom the  a m o u n t  of glucose and  the  a m o u n t  of 
r a d i o a c t i v i t y / m l  of med ium.  

The c rude  cpm in each f rac t ion  were conve r t ed  to  
n a toms  of (14C) incorpora ted  in to  each metaboli te /105 
cells/2 h incuba t ion .  

Stat is t ical  methods. E a c h  sepa ra t e  e x p e r i m e n t  was  de- 
s igned to  t e s t :  (1) the  signif icance of t he  effects  of insulin 
on the  incorpora t ion  of glucose in to  t he  d i f fe rent  m e t a b o -  
l i tes;  (2) t he  s ignif icance of t he  differences  be tween  the  
a m o u n t s  of glucose inco rpo ra t ed  in to  each me tabo l i t e  a t  
t he  g iven levels of insul in;  (3) t h e  s ignif icance of t he  dif- 
ferences  b e t w e e n  t h e  responses  of t he  d i f fe ren t  me tabo l i t e s  
to  changes  in insul in level. 

S t a n d a r d  analyses  of va r i ance  (HALD 14) were  per-  
fo rmed  on the  loga r i thms  of resul ts  f rom the  exper iments .  
The  h o m o g e n e i t y  of t he  var iances  was  eva lua ted  b y  
m e a n s  of BARTTLET'S t e s t  (HALDln), and  found  to  be 
accep tab le  af ter  t he  logar i thmic  t r ans fo rma t ion .  Similar  
ana lyses  of va r iance  were  p e r f o r m e d  on t h e  loga r i thms  of 
t he  ra t ios  b e t w e e n  the  co r respond ing  responses  in 2 
pa rame te r s .  

Resztlts. The 14C in the  g lycogen f rac t ion  was measu re d  
a f te r  1 p rec ip i t a t ion  f rom K O H  and  a f te r  2 fu r the r  
p rec ip i ta t ions .  Only t h e  cell b lanks  showed a s igni f icant  
( P  ~ 0.05) loss of a4C on reprec ip i ta t ion .  The m e a n  con- 
vers ions  of (Ul*C)glycogen f rom 4 groups  of cells to  14CO2 
(via t he  fo rma t ion  of glucose and  glucosazones) were 
83.8 ± 17% and  96.6 -4- 15% af te r  acid and  enzyma t i c  
hydrolyses ,  respect ive ly .  

The effects  of d i f fe rent  concen t r a t ions  of insulin on t h e  
convers ion  of (la4C)glucose to  (14C)glycogen, (x4c)o2 and  
(laC)triglycerides were  s tud ied  in 5 expe r imen t s .  The 
resul ts  of one such e x p e r i m e n t  are shown  in F igure  1. An 
increase  in t h e  concen t r a t i on  of insulin caused  an increase 
in t he  convers ion  of glucose to  these  metabo l i t es .  

The  3 p a r a m e t e r s  dif fered in t he i r  responses  to  insulin.  
The  convers ion  of (l l*C)glucose to  (x4C)glycogen was  
more  sensi t ive  to  insulin t h a n  the  convers ion  of (lxaC)glu - 
cose to  (laC)O, or (14C)triglycerides. The m a x i m u m  effect  
of insulin on the  convers ion  of (11~C)glucose to  (~aC)glyco- 
gen occurred  a t  10/~U of insul in/ml,  whereas  the  m a x i m u m  
effect  of insul in  on t h e  convers ion  of (lx*C)glucose to  
(x~C)O2 and  (l*C)triglycerides occurred  a t  1000 /~U of 
insul in/ml.  The analysis  of var iance  of these  d a t a  showed 

t h a t  the re  was a s ignif icant  (_P = 0.0005) in te rac t ion  be- 
tween  the  p a r a m e t e r s  and  the  insulin levels, i.e. d i f fe ren t  
levels of insul in had  d i f ferent  effects  on the  d i s t r ibu t ion  
of glucose wi th in  the  metabol i tes .  

The  d a t a  f rom the  5 e x p e r i m e n t s  were  pooled,  and  an 
analysis  of var iance  carr ied ou t  on the  combined  results .  
The  e x p e r i m e n t - t o - e x p e r i m e n t  var ia t ion ,  the  effect  of 
insulin on the  incorpora t ion  of (l~aC)glucose into t he  dif- 
fe rent  metabol i tes ,  and  the  in t e rac t ion  be tween  the  
p a r a m e t e r s  and  the  insulin levels were  all s ignif icant  
(P  = 0.0005). W h e n  the  e x p e r i m e n t - t o - e x p e r i m e n t  vari-  
ance was  c o mb i n e d  wi th  the  be tween- rep l i ca tes  var iance,  
to  give an overal l  error  var iance,  the  difference b e t w e e n  
pa rame te r s ,  t he  effect  of insulin on the  pa rame te r s ,  and  
t h e  in t e rac t ion  ' insul in  l eve l -pa ramete r s '  were  s ignif icant  
a t  P = 0.0005. The source of the  in te rac t ion  be tween  the  
insulin levels and  the  p a r a m e t e r s  was loca ted  by  de te r -  
min ing  the  effects  of d i f fe rent  insulin levels on:  
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Fig. 1. The effect of different concentrations of insulin on the con- 
version of {114C)glueose to (x4C)glycogen (o o}, (14C)trigly- 
cerides (~W V)  and (x4C)O 2 (+ +) by isolated fat cells. 
Six samples of isolated fat cells were incubated for 2 h with (114C) - 
glucose (0.55 mM) and each of the concentrations of insulin shown in 
the Figure. The (x4C) content of each fraction was then determined 
as described in the text. The results are expressed as log n atoms 
(i4C) in each fraction/10 ~ cells/2 h incubation {the mean triglyceride 
content of 7 different preparations of fat cells was 5.3 4- 1.1 rig/105 
cells). The mean response of 3 samples and the 95 % confidence limits 
are shown. 
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An analysis of variance showed that  there was no inter- 
action between 

WC) O~ 
log (l,C)trigi~cerides) 

and insulin levels between zero and I000/~U/ml. 
There was a significant interaction between insulin 

levels and the ratios: 

(~4C) O~ (~C) triglycerides 
log and log . 

(~C)glyeogen (~*C)glycogen 

There was a significant (P  = 0.0005) experiment-to- 
experiment variat ion in these ratios. 

Figure 2 shows how 

log (~C) O~ 
(~C)glycogen 

was affected by insulin concentrations between zero and 
1000/~U/ml. An increase in the concentration of insulin 
from 0--1.25/~U]mt caused an increase in the conversion 
of (l~C)glucose to (laC)glycogen, relative to its conversion 
to (~C)O~. This effect was reversed at  higher concentra- 
tions of insulin. 

Discussion and conclusions. An increase in insulin con- 
centration (in the range of 0.16-20.0/~U/ml) increased the 
conversion of (ll~C)glucose to (~aC)O~ and (l~C)trigly- 
cerides. These effects of insulin are qual i tat ively similar 
to those reported previously "(RODBELL ~, GmnM~sa ,s ) .  
The st imulatory effect of insulin on the conversion of 
(ll~C)glucose to (xaC)glycogen was very much greater than 
tha t  demonstrated by AuTo~ et al. ~. This difference may 
be a consequence of the techniques used, or of the glucose 
concentration in the incubation medium. 

~Nithin the ranges of insulin concentrations used, there 
was no significant effect of insulin on the conversion of 

1D G 

]0 s 
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Fig. 2. The effect of insulin on the relative incorporation of (ll*C)- 
glucose into glycogen and CO~ by isolated fat cells. The log of 
(~*C)O, over (x*C)glycogen was obtained from 5 experiments. The 
mean values for this ratio at each concentration of insulin are plotted 
against the concentration of insulin (on a log scale} for each experi- 
ment. 

(P4C)glucose to (14C)O,, relative to its conversion to 
(1~C) triglycerides. 

The conversion of (114C)glucose to (a4C)glycogen, rela- 
t ive to its conversion to (14C)O, and (14C)triglycerides, 
depended significantly (P  < 0.0005) on the concentra- 
t ion of insulin. Between 0.16 #U and 2.5/~U of insulin/ml, 
the relative conversion of (114C)glucose to glycogen was 
higher than between 5.0/~U and 1000 pU of insulin/ml. 
I t  is concluded that  extremely small concentrations of 
insulin cause a preferential utilization of glucose via the 
pathways of glycogen metabolism. The data  presented 
here do not permit  an unequivocal conclusion as to the 
mechanism of this effect. 

The results may be interpreted in 2 ways. The enzymes 
of glycogen synthesis in the fat cell may  have a high af- 
finity for glucose-l-phosphate compared with the affinity 
of other pathways for glucose-6-phosphate. A small in- 
crease in the entry of glucose into the cell, caused by the 
increased transport  of glucose in the presence of insulin, 
would then cause a preferentiM incorporation of glucose 
into glycogen. The synthesis of glycogen is very small 
compared to other pathways of glucose metabolism in the 
adipose tissue fat cell. The conversion of glucose to glyco- 
gen would become negligible as soon as the rate of entry 
of glucose into the cell exceeded the capacity of the glyco- 
gen synthesizing system, e.g. in the presence of high con- 
centrations of insulin. 

Alternatively, insulin may- have a direct effect on the 
metabolism of glycogen in the fat cell. This explanation is 
supported by the experiments with epididymal adipose 
tissue previously citedl,Z,lL 

RJsumd. (1) Des adipocytes isol6s £ part ir  du tissu 
adipeux 6pididymaire du ra t  ont  6t6 incub6s dans des 
milieux eontenant  du glucose (114C) et  des concentrations 
variables d'insuline. La quantit6 de glucose (114C) trans- 
form6e en glycog~ne (laC), (14C)O2 et triglycerides (laC) a 
6t6 d6termin6e. (2) On .d6montre que la quantit6 de glu- 
cose (t~4C) transform6e en glycog~ne par des adipocytes 
peut  6tre 6valu6e et qu'elte est fonction de la concentra- 
t ion d'insuline. (3) La comparaison entre les effets d'insu- 
line sur les transformations du glucose (114C) en glycog~ne 
(14C), en triglycerides (14C) ou (1'C)O, r6v~le que l 'insuline 
a u n e  action apparemment  direete sur l ' incorporation du 
gIucose au glycog~ne. (4) Ce fair serait donc d r  & un effet 
direct de l 'insuline sur une r6action dans la synth~se du 
glycog~ne par les adipocytes ou ~ une grande affinit6 des 
enzymes part icipant  ~ la synth6se du glycog~ne pour Ie 
glucose-l-phosphate et ~ leur faible capacit6 pour la syn- 
th~se du glycog~ne. 
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